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Abstract 
Problem Statement: Modernization of Russian education, training of engineering specialists that meet the world’s educational 
standards.  Research Questions: What needs to be changed in Russia’s education system so that the engineering specialists meet 
the requirements of the world’s standards? Purpose of the Study:  Research Methods: Comparison of competencies of different 
Russian engineering universities’ graduates and the standards of international accreditation agencies and organizations (CDIO, 
ABET, FENAI, EMF, APEC, Washington Accord) Findings: The comparison of various educational standards and expected 
learning outcomes has revealed that Russian universities do not pay sufficient attention to development of the invention 
competency. Conclusions: To facilitate the invention competency development, Russian universities need to use the practice-
based approach to learning together with active employer involvement and active solving of actual production tasks as early as 
the learning stage. 
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Introduction 
 
The papers (Zamyatina, O. M., Solodovnikova, O. M., Sadchenko, V. O., 2014; Zamyatina, O. M., Chernov, A. 
V., Sadchenko, V. O., 2014), indicate that the level of inventive activity in Russia has decreased manifold in 
comparison with the Soviet period and the current situation in the world's leading countries. 
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For the last decades the Russian economy has been resource-based, and shifting to the level of high-tech economy 
requires the development of science and technology that would match the world levels. The present state of the 
Russian economy and the rapid development of innovation sector and production demand careful attention from 
universities when training prospective engineers.  
This paper offers the results of study of the current situation in education as one of the main stages of shaping 
engineering invention competences. Higher education in engineering is presently the basic tool for training 
engineering personnel capable of developing technologies. Reforming of the Russian system of education and 
shifting to a two-tier university education model (Bachelor’s and Master’s degrees) together make it necessary for 
universities to change their training systems, education formats, formulate new educational objectives and learning 
outcomes, which will allow to train engineers that will meet employers’ demands and capable of complex 
engineering activities. 
The goal of this paper is to analyze various educational standards and expected learning outcomes in engineering 
majors in order to identify the basis for shaping engineering invention competences in students. The study addressed 
the main Russian standards: the Federal State Educational Standard (FSES) and the standards of the Association for 
Engineering Education of Russia (AEER), as well as the foreign ones: Conceive – Design – Implement – Operate 
(CDIO), Accreditation Board for Engineering and Technology (ABET), Federation Europeenne d’Associations 
Nationales d’Ingenieurs (FENAE), Engineers Mobility Forum (EMF), APEC Engineer Register (APEC), and the 
Washington Accord (WA). 
To complete this task it is necessary to: 
1. Specify the subject field definitions used in the study: “competence”, “expertise”, “invention”, and 
“engineering invention”. 
2. Proceeding from the definition of “engineering invention”, analyze the main Russian (FSES and AEER) 
and foreign (CDIO, ABET, FENAE, and WA) educational standards for availability of competences and learning 
outcomes that conform to the development of engineering invention. 




FSES-3 defines competence as the ability to use knowledge, skills, abilities, and personality traits for successful 
performance in various professional or daily life problem situations; in its turn, expertise is the level of mastery of a 
range of competences that reflects a graduate’s readiness to use knowledge, skills, abilities, and competences formed 
on their basis to successfully perform in a certain subject area (Zamyatina, O. M., Chernov, A. V., Sadchenko, V. O., 
2014; Chuchalin, A. I., 2007). 
Let us define invention as a creative process that leads to a new solution of a task in any areas of human 
knowledge with a positive effect. It is one of the highest levels of human mental activity that allows to create brand 
new knowledge basing on the existing one (Chuchalin, A., Boev, O., & Kriushova, A., 2006). 
Engineering invention (EI) is defined as an engineer’s complex professional activity using tools, technologies, 
and scientific knowledge that includes creative thinking with the purpose of creating fundamentally new engineering 
solutions. 
Having considered the definitions of competence, expertise, invention, and engineering invention, let us move on 
to analyzing Russian and foreign standards of engineering education from the point of view of identifying the 
components of engineering invention, which is one of the crucial elements of training advanced and highly 
professional engineering personnel in Russia. 
 
Analysis of engineering invention competences in the practice of higher professional education in Russia 
and abroad 
The FSES, AEER, CDIO, ABET, FENAI, EMF, APEC, and WA standards were selected for the present study as 
the most referenced and leading in engineering education (Side by side with the strong. AEER is a full member of 
the Washington Accord, 2012; Chuchalin, A., Boev, O., & Kriushova, A., 2006). All organizations developing 
engineering education standards can be divided according to their geographical positions into: American (USA), 
Russian, and European. 
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The American model of development of standards and engineering education quality assessment is broadly 
represented because historically it emerged earlier and meets the requirements applicable to engineers. 
According to the structure of the American model of engineer training, international recognition of quality of 
educational programs and engineer qualifications (Professional Engineer) is carried out in two stages. The first stage 
is devoted to developing a contractual system of mutual recognition of national criteria, performing the procedure of 
educational program accreditation within the framework of the Washington Accord (WA, 1989), and coordinating 
the requirements to engineering competences in the frame of Engineers Mobility Forum (EMF, 1997) (Chuchalin, A. 
I., & Gasheva, Yu. V., 2013; Chuchalin, A. I., 2011). 
The other side of implementing the American model is professional recognition of engineers’ qualifications by 
means of their certification and registration. This procedure is carried out by non-governmental professional 
organizations such as engineering councils, whose structure includes bodies for educational program accreditation 
and certification of specialists. It is worth to point out one such organization from among the others: ABET (USA) is 
a world leader in developing new educational program quality assessment criteria, procedures, and techniques 
(Pokholkov, Yu. P., 2010). 
A rather new trend in designing standards is the CDIO concept developed in Massachusetts Institute of 
Technology (USA) in cooperation with European universities. 
CDIO represents a concept of Bachelor’s degree training in engineering majors and contains a list of bachelors’ 
competences in engineering and technologies that are expected to shape as a result of studying specific educational 
programs in the university (CDIO Syllabus) and also 12 standards describing forms, content, and support for the 
training process with an emphasis on project-based learning and use of active education methods (Worldwide CDIO 
Initiative). 
 CDIO Syllabus divides all competences into 4 sections: disciplinary knowledge and basics (I), professional 
competences and personality traits (II), interpersonal skills: teamwork and communication (III), and planning, 
design, production, and application of production (systems) in the context of enterprises, society, and environment 
(IV). The EI competences identified during the analysis of CDIO Syllabus according to the definition of engineering 
invention are presented in Table 1. 
 
Table 1. List of engineering invention competences according to CDIO 
CDIO Syllabus 
Section I Section II Section III Section IV 
- basic and advanced knowledge 
of engineering, techniques, and 
tools 
- analytical rationale and solutions to 
problems;  
- experimenting, research, and gaining 
knowledge; 
- systems thinking; attitude, thinking, 
and cognition 




The complete list of competences in CDIO Syllabus contains 19 positions, 9 out of which (47,4%) can be linked to 
developing of engineering invention in students. The percentage ratio of EI competences in the sections of CDIO 









Fig. 1. EI 
competences ratio in the 
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Syllabus 
European countries have substantial differences in their higher education systems and legal regulations of 
professional activities regardless of the availability of the unified European Higher Education Area in the framework 
of the Bologna Process. FEANI, an international organization from Europe, is a federation of European engineering 
organizations that allows for different pathways leading to the professional status of a European Engineer (EurIng) 
(Sosnin, N. V., & Pochekutov, S. I., 2007). 
The EUR-АСЕ (European Accredited Engineer) project supported by the European Commission was launched in 
2006 with the goal of developing a common European system of engineering education quality guarantee in 
accordance with the European standards (Sosnin, N. V., & Pochekutov, S. I., 2007) . It included the formulation of 
general requirements to assessment of educational programs for training specialists in engineering and technologies 
for the countries of Europe and the Washington Accord. As a result of this project, the main condition for being 
listed in the European Engineer register is graduating from a program accredited in accordance with the EUR-АСЕ 
standards. 
The Bologna Process for forming the common higher education area in Europe, of which Russia is signatory 
since 2003, asserts the coordination of requirements to education quality and specialist training , including that by 
means of developing a unified system of quality assessment criteria, educational program accreditation, and 
specialist certification. 
As it was noted above, engineering education in Russia on the level of government control is exercised on the 
basis of the FSES system, which sets the requirements to the mandatory minimum of general degree programs and 
the conditions of their implementation, the expected time for their completion, and the maximum academic workload 
for students in hours. FSES is crucial for shaping and supporting the unified educational space within the entire 
country. A positive point at the present-day stage of the development of engineering education is the inclusion of 
additional requirements formed on the basis of requests by such national and international public professional 
organizations as the Washington Accord into the state standards, as well as meeting the criteria of international 
certification of professional engineers by FEANI, EMF, etc.. 
At the present moment public professional accreditation of educational programs in Russia is carried out by 
AEER. Starting from September 2004 AEER participates in implementing the EUR-ACE project (Association for 
Engineering Education of Russia). This way, for the first time Russian universities have the opportunity to receive 
European standard international quality certificates along with national public professional accreditation, while the 
graduates of the programs certified by AEER according to EUR_ACE standards have the opportunity to receive the 
status of a European Engineer together with being listed in the European Engineer Register by FEANI in the longer 
term. 
In 2012 AEER became a fully-fledged member of the Washington Accord. AEER and two engineering 
universities – TPU (Tomsk Polytechnic University) and SFedU (Southern Federal University) – are collaborating 
with ABET in terms of international public professional accreditation of educational programs. Thus, AEER’s 
membership in the Washington Accord allows the future engineers studying in the programs accredited by AEER to 
have their professional engineering education recognized by all WA member states. 
In order to identify the general trends and possible differences in developing common requirements to the structure 
of education that provides issuing of the qualification of a professional engineer let us analyze the structure of 
educational systems according to the American, the European, and the Russian models. The results of this 
comparative analysis are presented in Table 2. 
Table 2. Comparative analysis of the structure of professional engineering education within the frameworks of the American, the European, and 
the Russian models 
 The American model 
 
The European model 
 
The Russian model 
 
 EMF standard for WA countries FEANI standard State control 
Education system level Two-tier: Bachelor (Master) – 
“Professional Engineer” 
Two-tier: Bachelor (Master) – 
“European Engineer” 
Two-tier: Bachelor – Master 
(Specialist) 
Duration of pre-university 
education  
12 years 11 - 12 years 11 years 
Training duration –  4 years 3 years 4 years 
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Academic degree: Bachelor 
Training duration –  
Academic degree: Master 
1 to 3 years 2 years 2 years 
Professional engineering 
title awarded for 
3 to 7 years of working practice after 
Bachelor’s degree 
4 years of working practice after 
Bachelor’s degree or  
2 years of Master’s studies + 2 
years of working practice 
Russia does not have a national 
system for “professional engineer” 
certification 
International professional 
engineering title (IntPE) 
awarded for 
At least 7 years of working practice, 
at least 2 of them in a managing 
position 
-  - 
 
According to the data from Table 2 it can be noted that the American, the European, and the Russian educational 
system models for complete higher education share the use of the two-tier system. But the principal differences of 
these systems lie in that in the American and the European models the first tier corresponds to being awarded an 
academic degree of a Bachelor or Master, and the second one – to certifying as a professional engineer. In Russia 
such process supposes obtaining the professional qualification of an Engineer, which is further divided into two 
stages of receiving a higher professional education. 
The total period of study also has a number of differences: the longest term before graduating from a university 
can be observed in the American higher education system. With the transition of European countries to the common 
Bologna system of higher education the duration of study in a university has decreased by 1 year in comparison with 
the Russian system, which results in the shortest period of study in the comparative analysis of the three proposed 
systems. 
The second tier of professional engineering specialist training according to the American and European models 
are characterized by the presence of a system for obtaining a professional title of an engineer on the basis of 
successfully completing a practical performance according to one’s major without any limits for one’s degree as a 
Bachelor or Master. As indicated by Table 1, this fact, in its turn, supposes a number of differences in variants of 
reaching the final goal of receiving the professional title of an engineer. Thus, according to the American standards 
within the framework of EMF activity, a professional title of an engineer can only be awarded on the basis of 
practical performance during 3 to 7 years. In accordance to the European model standards by FEANI, this can be 
done either through 4 years of practical performance, or through a combination of 2 years of Master’s study and 2 
years of practical performance in engineering. 
Concerning the situation with awarding the professional title of an engineer in Russia on the level of international 
standards, an exhaustive description of it was given in a paper by A.I. Chuchalin (Pokholkov, Yu. P., Rozhkova, S. 
V., & Tolkacheva, K. K., 2012). In his study the author notes that after “Russia joining the Washington Accord, 
recognition will only be granted to the 5-year programs for training “diploma-holding specialists” accredited by the 
AEER Accreditation Center, because the 4-year programs for training Bachelors with the aim for practical 
engineering activities that would meet the WA requirements are currently non-existent in Russian universities. 
Another problem is the 11-year secondary school in Russia (in all of the world’s developed countries it takes at least 
12 years) that shortens the entire period of time from the start of studies to commencing engineering activities by one 
year (according to the WA standards this period should not be less than 16 years). World recognition of Russian 
engineers in the line of EMF will be possible after creating a system for professional engineer registration and 
certification, similar to those existing in EMF member countries, in our own country.” 
We shall add that today “standards” of higher education similar to FSES do not exist in the rest of the world. 
There only are certain requirements that are often formalized in the documents of international professional 
engineering organizations and can be considered a kind of “standards”. 
To identify the differences between the system of existing international models and projects and the system of 
Russian higher engineering education let us carry out a comparative analysis of the competence requirements to 
graduates of engineering universities. To perform a comparative assessment of the international and Russian 
engineering education standards according to AEER let us select the following standards: the Washington Accord as 
an American national engineering education system that is the first and the most established in its positions; the 
FEANI international organization as a European system model that allows for different pathways leading to 
receiving the professional status of a European Engineer; and the CDIO Initiative as a new concept of developing 
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unified requirements to the competence-based approach to engineering education according to the American and the 
European models. 
The comparative analysis of the requirements by the Washington Accord, FEANI, CDIO, and the AEER 
requirements to public professional accreditation of engineering educational programs according to the data 
presented in Table 3 is shown in Tables 4, 5, and 6 as graphical correspondence diagrams according to the degree to 
which the indicated requirements meet. The columns are numbered in accordance with the above mentioned 
requirements of the Washington Accord (Table 4), FEANI (Table 5), and CDIO (Table 6), while the lines are 
numbered according to the requirements of the AEER Criterion 5. “X” marks complete agreement of the 
requirements, “O” marks their agreement in concept and their availability in all three requirements of the 
international standards. 
 
Table 3. Comparative analysis of the requirements to competencies of engineer training programs in the frames of the Washington Accord, CDIO, 
FEANI, and AEER. 
Washington Accord (USA) 
requirements 
CDIO (USA) requirements FEANI (Europe) requirements AEER (Russia) requirements 
 1. Disciplinary knowledge 
and engineering 
fundamentals 
 1.  Professional competences 
1. engineering 
knowledge 
1.1. Basic knowledge of 
mathematics and 
natural sciences 
1. understanding the nature of 
engineering profession  
1.1. Fundamental 
knowledge 
2. engineering tasks 
analysis  
1.2. Basic knowledge of 
engineering 
fundamentals.  
2. high degree of 
understanding of 
engineering principles 
1.2. Engineering analysis 
3. engineering solutions 
design and 
development 
1.3.  Advanced knowledge 
of engineering 
fundamentals, 
techniques, and tools. 
3. general knowledge of 
engineering activity in the 
area of interest and the 
nature of modern 
production 
1.3. Engineering design 
 2. Professional masteries 
and personality traits 
  
4. study of complex 
engineering tasks 
2.1. Analytical justification 
and problem-solving  
 
4. ability to apply theoretical 
and practical techniques 
for solving engineering 
issues 
1.4. Research 
5. use of advanced tools  2.2. Experimentation, 
research, and gaining 
knowledge 
5. ability to use cutting-edge 
technologies 
1.5. Engineering practice 
6. individual and team-
based work  
2.3. Systems thinking 6. knowledge of engineering 
economics 
1.6. Customer focus 
   2. Universal competences 
7. communication 2.4. Attitude, thinking, and 
cognition 
7. teamwork skills 2.1. Project and finance 
management 
8. engineer and society 
(understanding of 
various aspects of 
engineering activity) 
2.5. Ethics, impartiality, 
and other forms of 
responsibility 
 
8. leadership skills including 
administrative, technical, 
financial, and individual 
aspects 
2.2. Communication 





9. ethics 3.1. Teamwork 9. communication skills 2.3. Individual and team-
based work 
10. ecology 3.2. Communication 10. knowledge of standards 
and rules in the field of 
interest  
2.4. Professional ethics 
11. project management 
and finance  
3.3. Communication in 
foreign languages 
11. keeping track of 
technological changes and 
creative search in the field 
2.5. Social responsibility 
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of interest 




12. lifelong learning 4.1. Social and ecological 12. fluency in European 
languages 
2.6.  Lifelong learning 
 4.2. Entrepreneurial and 
business context 
  




 4.4. Design   
 4.5. Production   
 4.6. Application   
 
Thus the data in Table 4 indicates agreement in priority of developing competence qualities in engineering major 
graduates between the Washington Accord and AEER Criterion 5 standard requirements in the area of professional 
competences that demonstrate a complete match in the priority of gaining fundamental knowledge, the ability to 
carry out engineering analysis, engineering design, and complex research. Also a complete agreement in universal 
competences is seen in the level of gaining such competence quality as lifelong learning. 
 
Table 4. The degree of agreement between the requirements of the Washington Accord and the AEER Criterion 5 




1 2 3 4 5 6 7 8 9 10 11 12 
1.1. Х            
1.2.  Х           
1.3.   Х          
1.4.    Х         
1.5.     О        
1.6.      О       
2.1.       О      
2.2.        О     
2.3.         О    
2.4.          О   
2.5.           О  
2.6.            Х 
According to the data in Table 5 we do not have complete agreement in priority of developing competence 
qualities in engineering major graduates between to the requirement standards of FEANI and AEER Criterion 5. 
Table 5. The degree of agreement between the requirements of FEANI and the AEER Criterion 5 




1 2 3 4 5 6 7 8 9 10 11 12 
1.1. О            
1.2.  О           
1.3.   О          
1.4.    О         
1.5.     О        
1.6.      О       
2.1.       О      
2.2.        О     
2.3.         О    
2.4.          О   
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2.5.           О  
2.6.            О 
Table 6 indicates that there is full agreement between the requirements of the CDIO Initiative and AEER 
Criterion 5 in most positions: in terms of training prospective engineers in the fundamentals of natural sciences, 
mathematics, and general engineering, and also in their competences in the area of design, research work, project 
and finance management, communication, individual and team-based work, professional ethics and social 
responsibility. 
The comparative analysis of the degree of agreement between the indicated requirements of the Washington Accord 
and AEER Criterion 5 shows that Russian standards are more aimed at the Washington Accord and CDIO systems, 
which manifests in the number of matches in competence-based approach to the availability of common 
requirements to engineer training and also in the division of competences into levels. This indicates a greater 
similarity of the competence-based approach in the training of prospective engineers from Russia and the American 
model. 
Table 6. The degree of agreement between the requirements of the CDIO Initiative and the AEER Criterion 5 





1.1 1.2 1.3 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 4.1 4.2 4.3 4.4 4.5 4.6 
1.1. Х Х Х               
1.2.    О  О        О    
1.3.               Х   
1.4.    О Х             
1.5.   О           О О О О 
1.6.              О О О О 
2.1.             Х     
2.2.          Х Х       
2.3.         Х         
2.4.        Х          
2.5.            Х      
2.6.       О           
 
The comparative analysis of the degree of agreement between the indicated requirements of the Washington 
Accord and AEER Criterion 5 shows that Russian standards are more aimed at the Washington Accord and CDIO 
systems, which manifests in the number of matches in competence-based approach to the availability of common 
requirements to engineer training and also in the division of competences into levels. This indicates a greater 
similarity of the competence-based approach in the training of prospective engineers from Russia and the American 
model.  
Based on the above, a conclusion can be made on the example of Russian and foreign experience that the 
following groups of learning outcomes can be selected for developing engineering invention in engineering 
university students. 
• Personal competences: leadership, personal effectiveness. 
• Axiological competences: prognostics/foresight, open-mindedness, aim for development. 
• General scientific competences: use of advanced fundamental and professional knowledge to solve innovative 
tasks; creative and systems thinking. 
• Organizational and managerial competencies: effectively work individually and as a team member or leader 
while bearing responsibility for the team’s performance in solving innovative engineering tasks. 
• Professional communication competences: intercultural cooperation including that in a foreign language. 
 
Conclusions 
This way, the current state of development of international professional and economic relations, as well as the 
territorial proximity of the Russian Federation to the European Union, prompt the use of the already existing real 
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opportunity for Russian university graduates to receive the status of European Engineer with further listing in the 
FEANI European Engineer Register. This, along with creating an international adapted engineering education 
program accreditation system in Russia, will require paying more attention to conforming to the standards of the 
European model in the common system of higher education of future engineers in the framework of the Bologna 
Process. 
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